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Abstract. Purpose: Silent myocardial ischaemia—as eval-
uated by stress-induced perfusion defects on myocardial
perfusion scintigraphy (MPS) in patients without a history
of chest pain—is frequent in diabetes and is associated
with increased rates of cardiovascular events. Its preva-
lence has been determined in asymptomatic diabetic pa-
tients, but remains largely unknown in diabetic patients
with suspected coronary artery disease (CAD) in the clini-
cal setting. In this study we therefore sought (a) to deter-
mine the prevalence of symptomatic and silent perfusion
defects in diabetic patients with suspected CAD and (b) to
characterise the eventual predictors of abnormal perfusion. 
Methods: The patient population comprised 133 consecu-
tive diabetic patients with suspected CAD who had been
referred for MPS. Studies were performed with exercise
(41%) or pharmacological stress testing (1-day protocol,
99mTc-sestamibi, 201Tl or both). We used semi-quantitative
analysis (20-segment polar maps) to derive the summed
stress score (SSS) and the summed difference score (SDS). 
Results: Abnormal MPS (SSS≥4) was observed in 49
(37%) patients (SSS=4.9±8.4, SDS= 2.4±4.7), reversible
perfusion defects (SDS≥2) in 40 (30%) patients
[SSS=13.3±10.9; SDS=8.0±5.6; 20% moderate to severe
(SDS>4), 7% multivessel] and fixed defects in 21 (16%)
patients. Results were comparable between patients with
and patients without a history of chest pain. Of 75 pa-
tients without a history of chest pain, 23 (31%, 95%
CI=21–42%) presented reversible defects (SSS=13.9±
11.3; SDS=7.4±1.2), indicative of silent ischaemia. Re-
versible defects were associated with inducible ST seg-
ment depression during MPS stress [odds ratio
(OR)=3.2, p<0.01). Fixed defects were associated with
erectile dysfunction in males (OR=3.7, p=0.02) and 
lower aspirin use (OR=0.25, p=0.02). 
Conclusion: Silent stress-induced perfusion defects oc-
curred in 31% of the patients, a rate similar to that in pa-
tients with a history of chest pain. MPS could identify
these patients with a potentially increased risk of cardio-
vascular events.
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Introduction
The prevalence of diabetes mellitus has continued to
grow over the past decade, and the disease has now
reached epidemic proportions. Worldwide, it affects
roughly 150 million individuals and this number is ex-
pected to double by the year 2025 [1]. Diabetes increases
the risk of coronary artery disease (CAD) by a factor of
2–4 [2]. Moreover, CAD accounts for as many as 75% of
diabetes-related deaths [2]. Myocardial ischaemia is a
major complication in the course of diabetes [3], and
25% of patients with type 2 diabetes already have CAD
at the time of diagnosis [4]. Thus, the early detection of
CAD in diabetic patients has become a priority, and
guidelines have been developed to define a high-risk
profile of diabetic patients who might benefit from rou-
tine cardiac screening [5, 6]. This screening can be done
using myocardial perfusion scintigraphy (MPS) [7],
which has been shown to be of value for diagnosing sig-
nificant CAD in diabetic individuals and for risk stratifi-
cation and management [8, 9]. It is known that chest pain
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uria, congestive heart failure and erectile dysfunction) and drug
history were obtained by patient history, medical records and 
referring physician contact by letter or phone.
SPECT MPS protocols
We performed a conventional 1-day protocol using: (1) dual-iso-
tope 201Tl (111 MBq) for rest and 99mTc-methoxyisobutylisonitrile
(MIBI/sestamibi, 925 MBq) for stress in 41% (54/133), (2) single-
isotope 201Tl (111 MBq) in 22% (30/133) and (3) 99mTc-MIBI
(370 MBq for stress, 925 MBq for rest) in 37% [49/133, essential-
ly in obese patients (BMI ≥30 kg/m2)]. We used a dual-head gam-
ma camera (Siemens E.-Cam; Siemens, Erlangen, Germany) with
low-energy, high-resolution parallel-hole collimators to acquire
32×40-s projections along a 180°, non-circular orbit with heads at
90° from another. Standard energy settings were used [99mTc, 20%
energy window centered at 140 keV (20%, 140 keV); 201Tl, (20%;
70 keV) and (14%; 166 keV)). The 64×64-pixel summed images
were filtered with a fifth-order Butterworth filter with a cut-off
frequency of 0.40 cycles/pixel. Resting images were acquired
15–30 min after rest 201Tl or 99mTc-MIBI injection and stress im-
ages started 30–45 min after stress 99mTc-MIBI injection.
Exercise and pharmacological stress protocols
Exercise testing was performed with a bicycle ergometer using
multiple 2-min steps (25- or 30-W increments) to reach an ade-
quate exercise level, as defined by heart rate ≥85% of maximum
predicted for age (=220−age). The radionuclide tracer was injected
at peak exercise, which was maintained for at least 1 and prefer-
ably for 2 min. In 59% (79/133) of the patients, exercise was im-
possible or an adequate exercise level was not achieved, and phar-
macological stress testing with standard dose 4-min dipyridamole
infusion (0.56 mg/kg Persantin; Boehringer Ingelheim Internation-
al GmbH) was used, supplemented in some cases by isometric
handgrip or low-dose bicycle stress (25–60 W). The reasons for
decreased exercise capacity included obesity, peripheral vascular
disease, sensory or motor neuropathy, abnormal orthopaedic status
and deconditioning. Tracer injection was performed 3 min after
the end of dipyridamole infusion. At least 1 h separated stress and
rest studies (4 h in the case of single injection of 201Tl). Standard
12-lead ECG and blood pressure were recorded at rest and every
2 min during stress and recovery. The exercise ECG was consid-
ered positive for ischaemia in the presence of horizontal or
downsloping ST segment depression ≥0.1 mV measured 80 ms 
after the J-point or ≥0.2 mV in the case of upsloping ST segment
depression. No serious cardiovascular side-effect was reported in
response to pharmacological stress testing.
MPS interpretation
We performed visual analysis of rest and stress images displayed
on short-axis, horizontal-long axis and vertical-long axis views,
and semi-quantitative analysis of polar maps using the Emory Car-
diac Toolbox software (Emory University, Atlanta, GA, USA).
Using a 20-segment nomenclature, two expert readers (M.L.C.,
A.B.D.) unaware of the patient’s clinical history at the time of
evaluation interpreted each segment on a five-point scale of count
activity (0, normal; 1, equivocal; 2, moderate reduction; 3, severe
reduction; and 4, absent activity) [15]. Global indices of perfusion
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symptoms are more frequently blunted in diabetic than in
non-diabetic patients, possibly delaying referral of pa-
tients with silent ischaemia [10, 11]. Silent myocardial
ischaemia can be a terminal event at its first presenta-
tion, and has a potentially worse outcome than symptom-
atic ischaemia [12]. An ongoing multicentre trial on the
detection of ischaemia in asymptomatic diabetic patients
(DIAD) [13] will help determine its prevalence and to
establish evidence-based screening criteria. Meanwhile,
diabetic patients without CAD are commonly referred
for MPS and the prevalence of silent perfusion defects in
the clinical setting remains largely undefined.
We therefore sought (1) to determine the prevalence
of symptomatic and silent perfusion defects in consecu-
tive diabetic patients without CAD who were referred for
MPS, potentially defining a group of patients at higher
risk of cardiovascular events, and (2) to characterise the
eventual predictors of abnormal perfusion.
Materials and methods
Patient population
We considered all consecutive diabetic patients (n=210) referred
for MPS in our Nuclear Medicine Division from June 1997 to July
2002 and excluded 54 patients with known CAD (including recent
myocardial infarction or unstable angina), 11 patients who did not
give their consent to participation and 12 patients whose complete
medical record and MPS could not be fully retrieved for evalua-
tion. Thus, the study included 133 consecutive diabetic patients 
referred for MPS with suspected CAD. There were slightly more
referrals from physicians outside the hospital (55%). All studies
were performed in compliance with standard institutional practice
guidelines. The local ethics committee of the University of 
Lausanne Medical School approved this study. The clinical studies
performed in this report comply with the current Swiss laws.
Clinical characteristics
The diagnosis of diabetes was established by the referring physi-
cian prior to MPS and confirmed by patient history or the use 
of medication such as insulin or oral hypoglycaemic agents. 
Hypertension was identified by resting blood pressure values
≥140/80 mmHg or by the use of anti-hypertensive therapy. Dys-
lipidaemia was established by a total cholesterol value of
≥5.2 mmol/l or the use of lipid-lowering agents. Obesity was de-
fined for body mass index (BMI) ≥30 kg/m2. Smoking information
was obtained by patient history. The number of major cardiovas-
cular risk factors (hypertension, dyslipidaemia, smoking, obesity
and diabetes) was also reported. Chest pain was assessed accord-
ing to the previously established Rose-WHO angina questionnaire
[14]. Typical angina pectoris was described as pain or chest dis-
comfort localised behind the sternum, left chest wall or left arm
when exercising, with a need to slow down or stop and disappear-
ance of the initial chest sensation within 10 min. Atypical chest
pain was a defined by a positive answer to the question, “Have
you ever had any pain or chest discomfort in your chest?” [14].
Other clinical parameters such as diabetes complications (reti-
nopathy, peripheral occlusive disease, nephropathy/microalbumin-
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were obtained by adding the score of the 20 segments at stress
[summed stress score (SSS)] and at rest [summed rest score
(SRS)] and by calculating their difference [summed difference
score (SDS)=SSS–SRS], which represents both extent and severi-
ty of perfusion abnormalities [16]. MPS was classified as normal
(SSS<4), mildly abnormal (SSS=4–8), moderately abnormal
(SSS=9–13) or severely abnormal (SSS>13) [17]. Reversible per-
fusion defects, as defined by SDS≥2, were graded as mild
(SDS=2–4) or moderate to severe (SDS>4). Fixed defects were
considered present if SRS≥2 and SDS<2. Myocardial segments
were associated with coronary artery territories (left anterior de-
scending, left circumflex and right coronary arteries) [15], and a
multivessel disease pattern was considered present if SSS≥4 in
two different territories.
Statistical analysis
To characterise the prevalence of silent ischaemia, patients were
grouped according to the history of chest pain prior to MPS. Com-
parisons between groups were performed with the Wilcoxon rank-
sum test for continuous variables and with Pearson’s χ 2 test or
Fisher’s exact test (when appropriate) for categorical data. In the
text and tables, values were reported as mean ± SD, and we used
5th percentile to 95th percentile confidence intervals (CI). Revers-
ible and fixed MPS perfusion defects were analysed using multi-
ple logistic regression analysis. Because a substantial number of
ECGs could not be assessed, stress-induced ST segment depres-
sion was represented on an ordinal scale in logistic regression 
(0, no ST segment depression; 1, ST segment non-assessable for
depression; 2, ST segment depression). We carried out statistical
analyses with Stata 8.2 (Stata Corporation, College Station, TX,
USA) and p values <0.05 were considered statistically significant.
Results
Patient characteristics
The mean age of the 133 diabetic patients was 62±
9 years (range 32–81 years) and 44% were women.
Forty-four percent (58/133) of the MPS studies were re-
quested for chest pain investigation [23% (31/133) for
typical angina pectoris], 39% (52/133) for suspicion or
exclusion of ischaemia without symptoms of chest pain
(such as recent onset of dyspnoea, malaise, abnormal 
exercise testing or echocardiography, duration of dia-
betes, complications, or constellation of cardiovascular
risk factors) and 17% (23/133) for pre-operative risk as-
sessment. Overall, 56% of patients had no history of
chest pain and 44% had experienced chest pain (23%
with angina pectoris, 20% with atypical chest pain), with
slightly more women in the chest pain group (Table 1).
In the group without chest pain, trends were noted to-
wards more frequent use of insulin, more retinopathy
and more peripheral occlusive disease. Triglyceride 
levels were higher in the chest pain group, but this 
difference was no longer significant after removing one
outlier (10.45 mmol/l) in the chest pain group. There was
no difference in drug treatment between the groups (all
p>0.33). Hypertension was treated medically in 85%
(95/112) of the hypertensive patients. Fifty-two percent
(45/86) of the patients with a high cholesterol level used
lipid-lowering medication and 41% (55/133) were taking
aspirin daily. There was a higher referral rate for pre-
operative risk assessment in patients without chest pain
[25% (19/133) vs 7% (4/133), p<0.01].
Reversible and fixed MPS perfusion defects
Results of MPS (listed in Table 2) were abnormal in 37%
(49/133, CI 29–46%) of the patients, without differences
between the groups with or without a history of chest
pain. Using SSS, we further characterised abnormal
MPS into mildly abnormal (17%), moderately abnormal
(10%) and severely abnormal (10% CI 5–16%). Using
SDS, we observed reversible perfusion defects in 30%
(40/133, CI 22–39%) of the patients, which were moder-
ate to severe in 20% and multivessel in 7%. The preva-
lence of silent, reversible perfusion defects in patients
without chest pain, indicative of silent ischaemia, was
31% (23/75, CI 21–42%), with an SSS=13.9±11.3 and
an SDS=7.4±1.2; the defects were mostly confined to a
single vessel. We carried out a separate analysis (data not
shown) between patients with typical angina pectoris
(n=31) and patients with atypical chest pain (n=27) and
found no difference in respect of perfusion defects
(p>0.14 for all comparisons), allowing us to consider
them as a single group for the purpose of analysis. Fixed
defects were observed in 16% (CI 10–23%) of patients.
As demonstrated in Table 3, gender, age and duration of
diabetes were similar in the presence or absence of 
reversible defects (all p>0.61). Similarly, patients with
and patients without fixed perfusion defects did not 
differ with regard to age, gender, history of chest pain or
diabetes duration (all p>0.28). All fixed perfusion de-
fects were limited to a single territory.
Stress-induced ST segment depression 
and chest pain during MPS stress testing
The ECG was assessed for ischaemic changes in 86%
(114/133) of the patients and could not be assessed in the
remaining 14% because of pre-existing ST abnormalities
at rest [due to conduction abnormalities (such as left
bundle branch block or pre-excitation), left ventricular
hypertrophy and digoxin therapy]. During the stress part
of MPS, ST segment depression was observed in 20%
(23/114) of assessable ECGs and did not depend on chest
pain history (Table 2). It is of note that ST segment de-
pression was observed more often in patients who under-
went physical exercise than in those who received 
pharmacological infusion [31% (15/49) vs 12% (8/65),
p=0.02]. Stress-induced chest pain during MPS was rare
[10% (14/133), Table 2; atypical, n=4; typical angina,
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n=10] and was independent of chest pain history or the
type of stress (p=0.25). We observed the first episode of
chest pain during MPS stress testing in five patients who
had no prior history of chest pain, of whom four had 
reversible MPS perfusion defects.
Predictors of reversible and fixed defects on MPS
Reversible defects on MPS (Table 3) were more fre-
quently observed in combination with stress-induced ST
segment depression when the ECG could be assessed
Table 1. Basic population characteristics
Variable [mean ± SD or n (%)] No chest pain (n=75) Chest pain (n=58) p value Total (n=133)
Age ± SD (years) 61±10 63±9 0.17 62±9
Body mass index (kg/m2) 32.9±7.0 32.3±6.5 0.65 32.6±6.5
No. of women (%) 27 (36%) 31 (43%) 0.04 58 (44%)
Pharmacological stress (%) 47 (63%) 32 (55%) 0.38 79 (59%)
Non-assessable ST segment on ECG (%) 11 (15%) 8 (14%) 0.89 19 (14%)
Diabetes
Duration (years) 9.7±9.0 10.5±10.0 0.64 10.0±9.4
Type 1 diabetes (%) 4 (5%) 2 (3%) 0.70 6 (5%)
Treatment
Insulin total (%) 38 (51%) 20 (34%) 0.06 58 (43%)
Insulin only (%) 25 (33%) 13 (22%) 0.18 38 (29%)
Insulin + oral hypoglycaemic (%) 13 (17%) 7 (12%) 0.47 20 (15%)
Oral hypoglycaemic only (%) 39 (52%) 32 (55%) 0.72 71 (53%)
Diet (%) 11 (15%) 13 (22%) 0.27 24 (18%)
Glycosylated haemoglobin HbA1c (%) 8.1±2.5 7.7±2 0.44 7.9±2.3
Diabetic complications
Retinopathy (%) 21 (28%) 8 (14%) 0.06 29 (22%)
Peripheral occlusive disease (%) 17 (23%) 6 (10%) 0.07 23 (17%)
Nephropathy/microalbuminuria (%) 19 (25%) 14 (24%) 0.87 33 (25%)
Chronic haemodialysis (%) 3 (4%) 2 (4%) 0.87 5 (4%)
Peripheral neuropathy (%) 31 (41%) 18 (31%) 0.28 49 (37%)
Erectile dysfunction (% males) 17 (35%) 9 (33%) 0.86 26 (35%)
Congestive heart failure (%) 9 (12%) 9 (15%) 0.61 18 (14%)
Laboratory values
Total cholesterol (mmol/l) 5.6±2 5.8±1.4 0.17 5.7±1.7
LDL cholesterol (mmol/l) 3.3±0.9 3.4±1.0 0.67 3.3±0.9
HDL cholesterol (mmol/l) 1.1±0.3 1.2±0.3 0.76 1.1±0.3
Ratio total cholesterol/HDL (1) 5.1±1.9 5.4±2.2 0.68 5.2±2.0
Triglycerides (mmol/l) 2.2±1.0 3.1±2.2 0.04 2.6±1.7
Blood pressure
Systolic blood pressure (mmHg) 143±18 148±20 0.21 145±19
Diastolic blood pressure (mmHg) 85±11 84±11 0.47 85±11
Cardiovascular risk factors
Hypertension (%) 65 (86%) 47 (81%) 0.47 112 (84%)
Dyslipidaemia (%) 49 (65%) 37 (64%) 0.85 86 (65%)
Obesity (BMI≥30 kg/m2) (%) 54 (72%) 40 (68%) 0.70 94 (71%)
Smoking (%) 24 (32%) 11 (19%) 0.11 35 (26%)
No. of risk factors 3.9±1.3 3.5±1.0 0.08 3.7±1.2
Treatment
Aspirin (%) 31 (41%) 24 (41%) 0.99 55 (41%)
β-Blockers (%) 11 (15%) 11 (19%) 0.64 22 (17%)
ACE inhibitors (%) 36 (48%) 25 (43%) 0.60 61 (46%)
Calcium antagonists (%) 18 (24%) 16 (28%) 0.69 34 (26%)
Diuretics (%) 25 (33%) 19 (33%) 0.94 44 (33%)
Statins and/or fibrates (%) 28 (37%) 17 (29%) 0.33 45 (34%)
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(50% vs 10%, p<0.001), with hypertension or with the
use of aspirin or angiotensin converting enzyme (ACE)
inhibitors. On univariate analysis (Table 4), there was an
association between reversible defects and inducible ST
segment depression during MPS (p<0.001), non-assess-
able ST segment (p=0.02), hypertension (p=0.02) and
the use of aspirin (p=0.01) or ACE inhibitors (p=0.03).
There was no association with other variables such as
age, gender, duration of diabetes, type of stress and chest
pain history. On multivariate analysis, the only indepen-
dent predictor of reversible defects was stress-induced
ST segment depression (OR 3.2±0.9, CI 1.9–5.4
Table 2. Results of MPS according to chest pain history
Variable [mean ± SD or n (%)] No chest pain (n=75) Chest pain (n=58) p value Total
Abnormal SPECT MPS (%) (SSS≥4) 27 (36%) 22 (38%) 0.82 49 (37%)
Mildly abnormal (SSS=4–8) 11 (15%) 12 (21%) 0.36 23 (17%)
Moderately abnormal (SSS=9–13) 7 (9%) 6 (10%) 0.84 13 (10%)
Severely abnormal (%) (SSS>13) 9 (12%) 4 (7%) 0.39 13 (10%)
Reversible defects (%) (SDS≥2) 23 (31%) 17 (29%) 0.87 40 (30%)
Mild defects (SDS 2–4) 9 (12%) 4 (7%) 0.39 13 (10%)
Moderate/severe defect (%) (SDS>4) 14 (19%) 13 (22%) 0.66 27 (20%)
Multivessel defect (%) 6 (8%) 3 (5%) 0.73 9 (7%)
Fixed defects (%) 12 (16%) 9 (16%) 0.94 21 (16%)
Summed stress score (SSS) 5.1±8.8 4.6±8.0 0.73 4.9±8.4
Summed rest score (SRS) 2.8±6.1 2.0±4.7 0.42 2.4±5.5
Summed difference score (SDS) 2.3±4.7 2.6±4.8 0.75 2.4±4.7
ST segment depression during MPSa 13 (20%) 10 (20%) 0.97 23 (20%)
Inducible chest pain during MPS 5 (7%) 9 (16%) 0.15 14 (10%)
Ejection fractionb (%) 59±12 60±10 0.62 60±11
SSS, summed stress score; SDS, summed difference score; SRS,
summed rest score.
a ECG assessed in 114 patients (19 patients with pre-existing ST
segment or conduction abnormalities).
b Assessed in a subpopulation of 87 patients (n=39 with chest
pain).
Table 3. Results of MPS according to presence of reversible defects
Variable [mean ± SD or n (%)] No reversible defect Reversible defect p Total 
(n=93) (n=40) (n=133)
Age (years) 61±10 62±8 0.71 62±9
Gender: no. of men (%) 51 (55%) 24 (60%) 0.58 75 (56%)
Diabetes duration (years) 10.3±9.1 9.4±10.2 0.61 10.0±9.4
Diabetes treated with insulin (%) 44 (47%) 14 (35%) 0.19 58 (44%)
Pharmacological stress (%) 59 (63%) 20 (50%) 0.15 79 (59%)
Chest pain before MPS (%) 41 (44%) 17 (43%) 0.87 58 (44%)
Summed stress score (SSS) 1.2±2.7 13.3±10.9 <0.001 4.9±8.4
Summed rest score (SRS) 1.2±2.6 5.4±8.7 <0.001 2.4±5.5
Summed difference score (SDS) 0.06±0.25 8.0±5.6 <0.001 2.4±4.7
ST segment depression during MPSa (%) 8 (10%) 15 (50%) <0.001 23 (20%)
ECG non-assessable for ST segment depression 9 (10%) 10 (25%) 0.03 19 (14%)
Inducible chest pain during MPS (%) 9 (10%) 5 (12%) 0.76 14 (11%)
Ejection fractionb (%) 62±11 55±11 0.01 60±12
Hypertension (%) 74 (80%) 38 (95%) 0.04 112 (84%)
Nephropathy/microalbuminuria (%) 24 (26%) 9 (23%) 0.83 33 (25%)
Peripheral neuropathy (%) 36 (39%) 13 (33%) 0.56 49 (37%)
Aspirin (%) 32 (34%) 23 (58%) 0.02 55 (41%)
ACE inhibitors (%) 37 (40%) 24 (60%) 0.04 61 (46%)
SSS, summed stress score; SDS, summed difference score; SRS,
summed rest score.
a ECG assessed in 114 patients (19 patients with pre-existing ST
segment or conduction abnormalities).
b Assessed in a subpopulation of 87 patients (n=23 with reversible
defects).
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p<0.001). For fixed defects, univariate analysis unveiled
an association with erectile dysfunction in males
(r=0.17, p=0.04) and use of aspirin (r=−0.22, p=0.01),
which both remained significant on multivariate analysis
(erectile dysfunction: OR 3.7±2.0, CI 1.3–10.8, p=0.02;
use of aspirin: OR 0.25±0.15, CI 0.08–0.81, p=0.02; 
note that OR<1 corresponds to a lower likelihood of
fixed defects).
Discussion
In our population of 133 diabetic patients with suspected
CAD referred for MPS, we found a high prevalence of
abnormal MPS (37%), with 30% of patients having re-
versible defects known to be associated with an in-
creased likelihood of cardiovascular events. Patients
without a history of chest pain—at risk for silent isch-
aemia—had a similar prevalence of reversible and fixed
defects as was observed in patients with chest pain. Re-
versible perfusion defects were independently predicted
by stress-induced ST segment depression and fixed de-
fects were associated with erectile dysfunction and lower
aspirin use.
Population characteristics
The fact that a substantial proportion of patients were
unable to achieve maximal physical exercise during
MPS was related to limited exercise potential, as is fre-
quently observed in diabetic populations. The high rate
of patients without chest pain referred for pre-operative
risk assessment was most likely due to a selection bias
(patients with chest pain would normally undergo exer-
cise testing or stress echocardiography before MPS re-
ferral). The absence of a predictive value of cardiovascu-
lar risk factors for reversible defects may have been 
related to a reduction in discriminating power in the
presence of a high prevalence, as reported previously in
diabetic patients [10, 11, 18]. There was no association
of the different clinical and laboratory values or drug
therapy regimens with the chest pain history. Diabetes
was well controlled in less than half of the patients
(42%), as defined by glycosylated haemoglobin HbA1c
levels ≤7.0%. It is of note that diabetic patients with
good control did not differ from patients with glycosylat-
ed haemoglobin HbA1c levels >7.0% with respect to car-
diovascular risk factors, lipid profile, SSS, SDS or prev-
alence of reversible and fixed defects. Finally, both chest
pain groups had comparable left ventricular function [as
measured by post-stress ejection fraction during gated
SPECT at MPS in a subset of the population (87/133 or
65%)].
Reversible and fixed defects on MPS
We found a high prevalence of abnormal MPS (37%, CI
29–46%) in our study. It was, however, lower than the
Table 4. Univariate and multivariate analysis of reversible and fixed perfusion defects on MPS
Variable Perfusion defects
Univariate analysis Multivariate analysis
Reversible (n=40), Fixed (n=21), Reversible (n=40), Fixed (n=21), 
r (p) r (p) OR (p) OR (p)
Age 0.03 (0.71) 0.10 (0.27) − (0.96) − (0.19)
Gender 0.05 (0.59) 0.01 (0.99) − (0.44) − (0.34)
Diabetes duration −0.05 (0.52) 0.01 (0.90) − (0.76) − (0.76)
Insulin treatment −0.11 (0.19) −0.04 (0.64) − (0.39) − (0.39)
Oral hypoglycaemic treatment 0.15 (0.08) −0.01 (0.90) − (0.24) − (0.83)
Retinopathy −0.07 (0.43) −0.01 (0.99) − (0.76) − (0.92)
Vascular occlusive disease −0.04 (0.65) 0.01 (0.99) − (0.78) − (0.82)
Erectile dysfunction −0.20 (0.09) 0.17 (0.04) − (0.72) 3.7 (0.02)
Peripheral neuropathy −0.06 (0.50) −0.05 (0.54) − (0.45) − (0.83)
Hypertension 0.19 (0.02) −0.02 (0.82) 4.1 (0.08) − (0.87)
No. of risk factors 0.08 (0.33) −0.07 (0.44) − (0.78) − (0.22)
Chest pain history before MPS −0.01 (0.87) −0.04 (0.64) − (0.96) − (0.32)
Chest pain during MPS 0.05 (0.54) 0.07 (0.44) − (0.85) − (0.39)
ST segment depression during MPS 0.43 (0.001) −0.08 (0.34) 3.2 (<0.01) − (0.68)
ECG: ST segment non-assessable 0.20 (0.02) 0.04 (0.64) − (0.36) − (0.67)
Aspirin 0.22 (0.01) −0.20 (0.02) 2.1 (0.08) 0.25 (0.02)
ACE inhibitors 0.19 (0.03) −0.07 (0.44) − (0.40) − (0.46)
r Pearson’s correlation coefficient; OR odds ratio.
prevalence found in two earlier studies of diabetic pa-
tients referred for MPS (58% in the study by Vanzetto et
al. [19] for patients at risk for CAD, and 48% in the
study by Giri et al. [9] for patients at risk for/with CAD).
Compared with these reports, we found a similar preva-
lence of reversible defects (30%, CI 22–39% vs 37%
[19] and 29% [9]) and fewer fixed defects (16%, CI
10–23% vs 34% [19] and 29% [9]). These differences
might be explained by the inclusion of a substantial frac-
tion of patients with prior myocardial infarction in these
earlier studies (25% [19] and 13% [9]). Unfortunately,
neither study reported any prevalence of silent isch-
aemia. In the literature, most studies of silent ischaemia
in diabetes as assessed by MPS were performed to inves-
tigate screening criteria in asymptomatic patients with
cardiovascular risk factors, but without known or sus-
pected CAD [13, 20, 21, 22]. Compared to our patients
with suspicion of CAD, these studies reported lower
rates of abnormal MPS (25–28%) and silent ischaemia
(15–26%), most likely owing to a lower pre-test likeli-
hood of CAD (no CAD suspicion, fewer cardiovascular
risk factors) and a lesser severity of diabetes (fewer pa-
tients with insulin).
Of special interest, preliminary results from the ongo-
ing prognostic DIAD study in 502 asymptomatic dia-
betic patients without known or suspected CAD showed
a prevalence of 27% for abnormal MPS, with a preva-
lence of 18% for reversible defects, 3% for fixed defects
and 2% for mixed defects. Compared with our study, the
lower prevalence of silent ischaemia in DIAD (20%)
may be explained by differences in population, as our
patients had a higher pre-test likelihood of CAD (sus-
pected vs no known or suspected CAD in DIAD, with
about twice the prevalence of hypertension, dyslipi-
daemia and smoking), as well as a possibly more ad-
vanced stage of diabetes, as suggested by the higher in-
sulin use (46% vs 23% in DIAD), despite similar dura-
tion of diabetes (10±9 vs 9±8 years in DIAD) [22].
Rather striking is the paucity of significant univariate
or multivariate associations of reversible defects on MPS
with clinical and laboratory data. This was also observed
in DIAD, where only cardiac dysautonomia was signifi-
cantly associated with reversible defects [23]. We found
no association between silent ischaemia and the duration
or type of diabetes, as previously reported [18]. Of inter-
est, we observed more fixed defects in association with
erectile dysfunction, a marker of autonomic neuropathy
in men. This may be explained by the known close asso-
ciation of erectile dysfunction with diabetic autonomic
neuropathy, vasculopathy and endothelial dysfunction.
We found erectile dysfunction to be associated with 
peripheral neuropathy (r=0.41, p<0.001), retinopathy
(r=0.20, p=0.02), vasculopathy (r=0.28, p=0.001) and
smoking(r=0.22, p=0.01), as reported previously [24].
Although erectile dysfunction can be related to medica-
tion, we found no association with β-blockers (p=0.57)
or ACE inhibitors in our study (p=0.20). There was also
no association with calcium antagonists, diuretics or 
lipid-lowering drugs (all p>0.61). Thus, a drug-induced
aetiology was unlikely in our population. Finally, lower
aspirin use was associated with fixed MPS defects. This
might be of importance, as fixed defects have been dem-
onstrated to have predictive value for cardiac death and
myocardial infarction in diabetic patients [9].
ST segment depression and chest pain during MPS
The low prevalence of stress-induced ST segment de-
pression during MPS is likely due to a referral bias (pre-
existing ECG abnormalities leading to the MPS referral)
or to pharmacological testing (known to produce fewer
changes on ECG [25]). The low prevalence of inducible
chest pain during stress MPS has been described previ-
ously [3] and is known to have no influence on long-
term prognosis [26]. Ejection fraction was diminished in
the presence of reversible defects, while no difference
was found with fixed defects (p=0.37), based on data
available in a subset of the population (Table 3).
Prognosis and significance of silent ischaemia
Few studies have investigated the significance and prog-
nosis of silent ischaemia in diabetics, but a worse out-
come is generally described for patients with silent isch-
aemia than for those without ischaemia [12]. It is known,
however, that a normal MPS study in diabetic patients—
as in non-diabetic patients—is correlated with a low rate
of cardiac death and non-fatal myocardial infarction [8].
MPS was shown to be useful for risk stratification in
asymptomatic diabetic patients without known CAD
(2%/year hard event rate for normal MPS vs 9%/year for
abnormal MPS) [21]. In symptomatic diabetic patients
referred for MPS with suspected or known CAD, the
presence and extent of stress abnormalities on MPS were
shown to predict cardiac events [9].
Comparison with available angiographic data
In our study, 20 patients underwent coronary angiogra-
phy within 60 days of MPS; 11 of these studies were in
patients with reversible defects, suggestive of ischaemia.
Of great interest, significant stenosis (≥70% in the left
anterior descending, left circumflex or right coronary ar-
tery or ≥50% in the left main coronary artery) was found
in only 64% (7/11) of the angiographic studies, while the
rest showed non-obstructive diffuse atherosclerotic dis-
ease (stenosis <50%). In the literature, several studies
have reported that about 50% of diabetic patients with si-
lent myocardial ischaemia exhibit no significant coro-
nary stenosis on angiography [10, 27, 28]. This contrasts
with the generally higher positive predictive value ob-
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tained in non-diabetic patients. Rather than MPS being
false positive in such cases, some of these patients may
have myocardial perfusion abnormalities reflecting a re-
duced capacity to increase blood flow due to increased
epicardial resistance that is related to minimal or diffuse
atherosclerosis and/or microvascular dysfunction, as pre-
viously suggested [29–33]. Microvascular dysfunction,
such as evidenced during exposure to cold, has been de-
scribed in diabetic patients and may explain MPS abnor-
malities in patients without significant epicardial coro-
nary stenosis [34]. Microvascular dysfunction is of pre-
dictive value for long-term cardiovascular events in type
2 diabetic patients with normal coronary arteries [35].
Importantly, the association of abnormal coronary vaso-
motion with reversible perfusion defects has demonstra-
ted prognostic value (higher risk of subsequent cardio-
vascular events) [36, 37]. Interestingly, in a study of
asymptomatic diabetic patients, Cosson et al. described
that significant coronary stenosis (≥70%) was found in
only 47% of patients with silent ischaemia by SPECT
and that such “silent” coronary stenosis was associated
with a worse cardiovascular outcome [28].
Comparison with screening criteria
When retrospectively applying the ADA criteria for
screening asymptomatic diabetic patients to our group
without chest pain, we found that only 63% (47/75)
would have met the guideline requirements for screen-
ing. Their SSS, SDS, SRS and prevalence of reversible
defects (all p>0.18) were similar to those in the 37%
(28/75) of patients not meeting the criteria. In contrast,
the prevalence of fixed defects in patients not meeting
the screening criteria, at 29% (8/28), was significantly
higher than the corresponding rate of 8.5% (4/47) in pa-
tients qualifying for screening (p=0.05). Although retro-
spective, this comparison reveals the existence of a
group of asymptomatic diabetic patients with suspected
CAD who would not normally be screened based on the
ADA criteria, yet who have a similar prevalence of re-
versible defects and perhaps a higher prevalence of fixed
defects in comparison with patients meeting the ADA
criteria. Taken together, these findings indicate that the
current screening guidelines may not be optimal and em-
phasise the need for prospective studies (such as DIAD)
to establish evidence-based criteria.
Clinical implications
The diagnostic and prognostic value of SPECT MPS has
been established in diabetic patients with and without
CAD. However, evidence-based criteria for screening dia-
betic patients using MPS are still lacking, and the outcome
of the ongoing DIAD trial will help to define such criteria
and stratify clinical risk. Until then, cardiac testing has
been recommended not only in diabetic patients with
symptoms indicating the presence of CAD but also in pa-
tients with possible anginal equivalents and in asymptom-
atic patients (guidelines of the Association de Langue
Française pour l’Étude du Diabète et des Maladies
Métaboliques [5] and the American Diabetes Association
(ADA)—American College of Cardiology [6]).
Study limitations
In this study, the patients referred for MPS represented a
group with an intermediate likelihood of CAD, as pa-
tients with a higher likelihood (such as those with typical
anginal pain and clear exercise-induced ECG changes)
would most likely have been sent directly to coronary
angiography while patients with a lower likelihood
would not have been referred for MPS. This restricts the
validity of our results to a similar clinical setting of uns-
elected diabetic patients referred to nuclear medicine for
MPS; certainly, our findings cannot be extended to the
general diabetic population. We did not have systematic
information on autonomic dysfunction and erectile dys-
function was self-reported; a more objective evaluation
would be required by the use of an appropriately validat-
ed questionnaire, the inclusion of which would be worth-
while in any future prospective study. The association of
lower aspirin use with fixed defects on MPS awaits con-
firmation in larger samples. Finally, functional data on
ejection fraction are given solely for informational pur-
poses, as they were available in only a subset of the 
population (65%).
Conclusion
In diabetic patients without known CAD referred for
MPS in the clinical setting, there was a high overall
prevalence of abnormal SPECT (37%) and reversible 
defects (30%), indicative of stress-induced ischaemia.
Patients without a history of chest pain had a similar
prevalence (31%) of reversible defects as patients with a
history of chest pain. MPS could identify patients with a
potentially increased risk of cardiovascular events.
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